We have therefore investigated the changes that occur at the organelle level during the chloroplast/chromoplast transition in tomato. In our previous work we have shown that most of the mRNAs for PSI and PSII, as well as stromal peptides, have decreased to nondetectable levels in chromoplasts (25). In this report we correlate the changes of mRNA levels with alterations that occur at the photosynthesis and polypeptide level. We present evidence that chloroplasts in green tomato fruits are photosynthetically active since substantial levels of the large subunit of ribulose 1,5-bisP carboxylase, the reaction center proteins of PSI and PSII, the light harvesting complex proteins of PSII, plastocyanin and Fd-NADP-oxidoreductase are detected in green fruit pericarp.
branes are different in the plastids from leaf and fruit tissue (15) . Detailed information is currently available on the structural and functional organization of photosynthetic membranes and on the component stoichiometry in thylakoid membranes of chloroplasts (1) , while chloroplasts from other green plant tissues, such as stems, fruits during development, and some flower petals have been less well characterized.
We have therefore investigated the changes that occur at the organelle level during the chloroplast/chromoplast transition in tomato. In our previous work we have shown that most of the mRNAs for PSI and PSII, as well as stromal peptides, have decreased to nondetectable levels in chromoplasts (25) . In this report we correlate the changes of mRNA levels with alterations that occur at the photosynthesis and polypeptide level. We present evidence that chloroplasts in green tomato fruits are photosynthetically active since substantial levels of the large subunit of ribulose 1,5-bisP carboxylase, the reaction center proteins of PSI and PSII, the light harvesting complex proteins of PSII, plastocyanin and Fd-NADP-oxidoreductase are detected in green fruit pericarp.
MATERIALS AND METHODS
The ripening process of tomato fruits is characterized by a number of major changes, such as the loss of Chl, the accumulation of lycopene, fruit softening, and alterations in the metabolism of organic acids and monosaccharides (6, 12) . During the early stages of fruit ripening, tomato chloroplasts differentiate into chromoplasts. In general, such differentiation of organelles result in plastids of various shapes and functions (31). The chloroplast/chromoplast transition in tomato fruits is accompanied by major ultrastructural changes such as the breakdown of thylakoid membranes (9, 10, 20, 29) . The most evident changes are the degradation of Chl and increasing synthesis and accumulation of lycopene (4, 27) . Plastids in green tomato fruits contain high levels of starch and therefore resemble amyloplasts more closely than chloroplasts (29). It has been reported, however that thylakoid membrane systems are present and that green fruit chloroplasts are able to incorporate CO2 (5, 16 Determination of Ribulose 1,5-bisP Carboxylase Activity. The activity of ribulose 1,5-bisP carboxylase was determined in protein preparations from leaf and fruit pericarp tissues by incorporation of '4C-labeled bicarbonate into ribulose 1 ,5-bisP to form nonvolatile glycerate-3-P molecules (23) .
Spectroscopic Measurements. Chloroplast absorbance difference measurements were performed with a laboratory-constructed modulated split-beam difference spectrophotometer (17, 19) . For the purpose of these measurements chloroplasts were isolated from tomato leaf and fruit tissue as described by Melis and Anderson (19) . The isolation buffer for tomato leaves also contained 0.2% ascorbate, 0.1% BSA, and 0.1% PVP. Concentrations of PSI and PSII reaction centers were determined from quantitative measurements of Q, the primary quinone electron acceptor of PSII, and P700, the reaction center protein of PSI (17, 19 Additional information for photosynthetic membrane components of chloroplasts from different tissues were derived from Chl a/b ratios and ratios of Chl/g total protein (Table I ). The Chl a/b ratio in chloroplasts from leaves and green fruit pericarp are very similar (2.89 and 2.56, respectively) and also do not differ significantly from ratios of other higher plants (18, 19) .
However, the amount of Chl/g total protein is approximately 8-fold higher in leaves than in green fruit. The Fv/Fo ratios (Table   I ) (15) (Fig. 1) . Electron Transport Chain. As described above, we detect a loss of photosynthetic activity in red fruit tissue. Consequently, we extended our work to measure the level of components of the electron transport chain, Fd-NADP-oxidoreductase and plastocyanin, during the ripening process (Fig. 3, A and B) . The Fd-NADP-oxidoreductase-specific antibody cross reacts with a protein of 35 kD in protein extracts oftomato leaves and green fruit (membrane fraction). The concentration of the Fd-NADP-oxidoreductase decreases to non-detectable levels in red fruit protein extracts during ripening. The mol wt of the tomato Fd-NADPoxidoreductase is similar to the size of the spinach polypeptide (37,000). Plastocyanin (apparent mol wt of 12,000) was found in soluble protein fractions from green, intermediate, and red fruits. The amount of plastocyanin in green and red fruit does not change significantly in these soluble fractions. However, the concentration in the membrane fractions decreases during ripening, and no plastocyanin is detectable in the red fruit membrane protein fraction. It is possible that plastocyanin has been solubilized either during the preparation procedure or as a consequence of the membrane degradation during the chloroplast/ chromoplast conversion. Figure 2 . A, The Fd-NADP-oxidoreductase of 37 kD was identified in leaf and green fruit (membrane fraction) preparations oftomato with heterologous antibodies. Proteins were separated on a 12.5% SDS polyacrylamide gel. B, Detection of plastocyanin (12 kD (18, 19) . In our experiments we have determined the Chl/P700, the Chl/Q and the Q/P700 ratios of two different tissues (leaves and fruit pericarp) of tomato plants. The PSII/PSI reaction center -48.0KD ratio of the green fruit pericarp is similar to that measured in leaves, indicating a functional similarity in the two tissues. Since -44.0 KO no absorbance change due to photooxidation of P700 or photoreduction of Q was detectable in pericarp tissue from red fruits, we conclude that these photosynthetic components are missing and therefore no photosynthetic electron flow occurs in chromoplasts of ripe tomatoes. Repeated illuminations to the leaf n leaf and pericarp and green fruit pericarp sample resulted in inactivation of Q. by 'Western blot' Since it cannot be excluded that such inactivation of Q also 1), mature green occurs during the preparation of the sample, the actual in vivo 3 and 6), and ripe Q/P700 ratio for tomato leaves might be higher than 1.36. Such mide gels. Proteins inactivation was not observed in previous measurements with -7) fractions were pea, spinach, and maize chloroplasts.
protein was idenProteins of PSI and PSII are found in the mature green tomato tibodies of the '14 fruit pericarp (Fig. 2) Table I ). According to our results, the green tomato fruit has photosynthetic capacity itself, while it seems highly unlikely that chromoplasts in pericarp tissue generate energy for metabolic reactions through photophosphorylation. It is not known what role photosynthesis of the green fruit plays in the physiology of the whole plant or, in particular, in the developing fruit. Fruits have been physiologically defined as a reserve tissue or a metabolic "sink" for photosynthetic products such as glucose or sucrose synthesized in leaves. From electron microscopy investigations it is known that chromoplasts do not contain photosynthetic membranes (9, 10, 20, 29) , and therefore, may have to receive their energy from biochemical reactions other than photosynthetic phosphorylation. The presence of mRNA of two mitochondrial ATPase subunits in intermediate and red tomato fruits suggest oxidative phosphorylation as a possible energy source for the ripening process (B Piechulla, W Gruissem, unpublished data). It is interesting to note that plastocyanin is still present in red fruit protein preparations. It seems possible that an electron transport chain exists in chromoplasts, which could be used to channel electrons from other chemical reactions to provide energy in the form of NAD(P)H. Based on measurements in total cell extracts, CO2 fixation activity is reduced 3-fold in green pericarp tissue as compared to leaves, and decreases to almost non-detectable levels in red fruit tissue (Table I 
